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I. INTRODUCTION, CREDITS, CONSULTANTS

This review is an updating through January 1974
of our previous review (Particle Data Group, 1973).
In this version of the text we concentrate on topics
that are either new or essential. For complementary
information on our standard procedures the reader is
referred to our January 1970 article (Particle Data
Group, 1970).

Again we wish to emphasize that we compile the
experimental results of others. It is inappropriate to
give us the credit for their countless hours of effort.
We urge that references be given directly to the
original data, and we provide complete references in
the Data Card Listings for that purpose.

The responsibilities of the authors of this compila-
tion can roughly be broken down as follows:

1) Stable particles: A. Barbaro-Galtieri, N. Barash-
Schmidt and T.G. Trippe.

2) Meson resonances: V. Chaloupka, D.M. Chew,
M. Roos and P. Séding.

3) Baryon resonances: A. Barbaro-Galtieri, C.
Bricman, R.L. Kelly, T.A. Lasinski and F. Uchiyama.

General: All Berkeley authors.

Consultants: To overcome unavoidable gaps in our
coverage, both intellectual and geographical, we have
solicited the help of consultants:

e Chih-Yung Chien (Johns Hopkins University)

e Ronald Crawford (University of Glasgow)

o James E. Enstrom (Lawrence Berkeley Laboratory)

o Anatoli Kuznetsov (JINR, Dubna) ‘

* R. Gordon Moorhouse (University of Glasgow)

o Horst Oberlack (Max Planck Inst. for Physics and
Astrophysics, Munich)

ii
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Data card listings

Illustrative key 37
Stable particles, ordered by increasing mass 39
Mesons, S=90 74
S=zx1 101

Baryons, S=0 108
S=+1 147

=-1 156

S==-2 188

S§=-3 191
Appendix 1. Test of A7 = 1/2 rule for K decays 192
Appendix II. SU(3) classification of resonances 193

Appendix III. Test of AJ = 1/2 rule for hyperon decays 196

o Oliver E. Overseth (University of Michigan)

e Mark Sakitt (Brookhaven National Laboratory).
The usefulness of this compilation depends in large

part on the interaction between the users and authors

and consultants. We appreciate comments, criticisms,

and suggestions for improvements of all stages of data

retrieval, processing, and presentation.

II. SELECTION OF DATA

All particles are considered to fall into one of the
three groups:

1) Stable particles, immune to decay via the strong
interaction

2) Meson resonances

3) Baryon resonances.

These groups are maintained within the two main
parts of the compilation:

1) Tables of Particle Properties (also available in a
separate data booklet)

2) Data Card Listings.

The Data Card Listings contain the original infor-
mation (data, references etc.), weighted averages, com-
ments and “‘mini-reviews”. Immediately preceding the
Data Card Listings is an Illustrative Key thereto. We
attempt to give complete Data Card Listings up to our
closing date (February 1, 1974) for all journals listed
in the Ilustrative Key. We also include preprints and
unpublished conference reports which have come to
our attention, but make no attempt at completeness.

Roughly 40% of our encoded results are not used
for averaging. They are set off in parentheses: our
reasoning is then often given in a footnote below the
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data. If the reason is not given, it is one of the follow-
ing:

o The quantity was presented with no error stated.

e The result comes from a preprint or conference re-
port. It is our experience that such results (and partic-
ularly the errors) often change before final publica-
tion. Accordingly we keep these new results in paren-
theses until they are published (or explicitly verified
to us by the authors).

o [t involves some assumptions that we do not wish to
incorporate.

o It is of poor quality, e.g., bad signal-to-noise-ratio.

o The result is inconsistent with others, e.g., because
of different methods employed, rendering averaging
meaningless. See, for example, the entries listed under
the S(1930) meson, which contain both a wide peak
formed in Pp interactions and narrow peaks reported
in production experiments.

When the data for a particle have received special
treatment or when they present special problems, this
is noted in a mini-review in the Data Card Listings.

The Tables of Particle Properties represent the out-
put of weighted averages and some critical judgement.
The extent to which “blind” averaging has been tem-
pered with judgement is explained in footnotes to the
Tables. In general, however, the footnotes are less
complete than is the collection of notes and mini-
reviews in the Data Card Listings. The reader is there-
fore encouraged to familiarize himself with the Data
Card Listings and, ultimately, with the original exper-
iments.

I11. NOMENCLATURE

A. Quantum numbers
The symbols IG(JP)C represent:

I =isospin
G = G-parity
J =spin

P = space parity
C = charge conjugation parity."

a) Mesons

The charge conjugation operator C turns particle
into antiparticle and has eigenvalues 1 only for neu-
tral states; so it is useful to define an extension G
which has eigenvalues for charged states too. It is
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usually* defined by
G=Cexp (in1,). (1)

A neutral nonstrange state is an eigenstate of
exp (inly) with eigenvalue (—1)7. Then we can write
the eigenvalue equation for the whole multiplet as

G=C (-1, (2)

where C,, (n for neutral) is the eigenvalue C would
have if applied to the neutral member of the multiplet.
Thus, for a 7°. C has the eigenvalue +1, and since
I=1,G =—1.For the charged pion there are no eigen-
values corresponding to C and to the isospin rotation,
but egs. (1) and (2) still give G = —1.

Consider a meson as a bound state of fermion-anti-
fermion, e.g., qq, with orbital angular momentum /,
and with the two fermion spins coupling to give a
spin S. Then one can show that the charge-conjugation
eigenvalue [defined in eq. (2)] is

c, =(-D"S. 3)
Egs. (2) and (3) combine to give
G =(~1)!*SH. @
The parity is

=-(-1’ (5)
Egs. (3) and (5) combine to give
C P=—(-1)% (6)

so all singlet (1Sy, 1P}, ...) have C, P= —1, and all
triplet (3S, ...) have C,, P = +1. For proofs of the
above, see our 1969 text (Particle Data Group, 1969)
and Appendix by C. Zemach.

If, instead of qq, we consider the meson as a state
of boson-antiboson (e.g., A2 - KK), it turns out that
some signs cancel, and egs. (3) and (4) [not (5)!] ap-
ply unchanged. Of course the mesons are usually spin-
less and S is zero, but the equations are more general.
Egs. (3) and (4) can be considered as selection rules
forbidding many decays.

We now use egs. (3) and (4) to introduce the con-
cept of “Abnormal-C” mesons, i.e., mesons that can-
not be composed of qgq.

* Most texts define it as in eq. (1); see, e.g., Gasiorowicz
(1966); however, sometimes the rotation is taken about /.
The difference between the two conventions is mentioned
in a footnote in Killen (1964).

iii
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The unitary triplet of quarks is of course defined
to have isospin and hypercharge properties such that
qq can combine (according to the SU(3) relations
{3} ® {3} ={8} @ {1}) s0 as to form only unitary
octets and singlets. The non-observation of “exotic”
mesons (i.e., mesons in more complicated supermulti-
plets) is of course one of the bases of the naive quark
model. But it is slightly less obvious that even some
octets are forbidden by the model, namely those with
(JP)Cn =(0%)—, (17)+,(2")—, .... Such states are
also not observed, and this is an additional success of
the naive quark model classification scheme.

In what follows, do not confuse “Abnormal-C”
with Normal or Abnormal J, both of which are al-
lowed by the quark model. The series J” = 0%, 17,
2%, ... is called Normal because P = (—1)” as for nor-
mal spherical harmonics, and J¥ = 07, 1%, ... is called
Abnormal.

The top part of table I shows all the low angular
momentum states that can be formed from qq. Note
that half of the J states can be formed by both a
triplet and a singlet qq state, e.g., 3P, 1P, or 3D,,
1D, . Eq. (3) shows that 3P, and P have opposite
C,, so the qq model allows both. But the states 3P,
and 3P2 have no !P counterparts. According to eq. (6)
they have C, P = +1, and with the qq model there is
no way to form a state with a J® of 3P, (i.e.,J¥ =
Normal) and with C,,P = —1. As mentioned, such oc-
tets have not shown up. With the help of table I one
can also see that the special state 1Sy, C, P =+1, can-
not be formed, so has Abnormal C.

b) General remarks

Well-established quantum numbers are underlined
in the Tables of Particle Properties (except for stable
particles, where most of the quantum numbers are
established). We have used flimsy evidence to guess
many of the remaining ones, and we have indicated
with “?” ones (in the baryon table) for which there
is almost no evidence.

As is customary, we define antiparticles as the re-
sult of operating with CPT on particles, so both share
the same spins, masses, and mean lives. Whenever
there is a particularly interesting test of CPT invari-
ance we include it in the Stable Particles Table.

B. Particle names
If a meson has a well-accepted colloquial name, we
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use it. If not, we name it by a single symbol which
specifies its baryon number B (= 0 for mesons), its iso-
spin /, its hypercharge Y, and, for a nonstrange meson,
its G parity. For convenience, we also list the strange-
ness S, which is related to Y and B by

§=Y-B

The name conventions for mesons are given in the
first parte of table II.

To crowd even more information onto the symbol,
we sometimes add a subscript giving J?. If J® is not
known, but must be “Normal” (0%, 17, 2%, ..), e.g.,
because K7 decays are seen, we use the subscript N.
If such modes are not seen (and are not otherwise for-
bidden), we guess that it is because J is “Abnormal”,
and we write, for example, K, (1240).

For some pairs of mesons with s'upposedly identi-
cal quantum numbers, we also uses primes; e.g., 1, 7'
ff.

For baryons no attempt has been made to at-
tach a subscript about J and P. The name conven-
tions are given in the second part of table II. For
stable baryons of each / and Y we use the sym-
bol standing alone; for resonances, the mass is in pa-
rentheses [i.e., N(1688), A(1405), £(1765), etc.].
The J? assignments are reported in the Baryon Table

Table 11
Particle name conventions,
Name 1 Y S G
Mesons
n 0 0 0 +
w or ¢ ) 0 0 0 -
p 1 0 0 +
w 1 0 0
K* K° ! +1 +1
K-, K° : -1 -1
. Baryons
N 3 +1 0
A 3 +1 0
2o, Zy 0,1 +2 +1
A 0 0 -1
z 1 0 -1
= ) -1 -2
Q 0 -2 -3

a) Since 1973, we have used the symbol w for those /G = 0~
mesons that decay mainly into 37 {w(783), w(1670)}; we
reserve the symbol ¢ for ¢(1019) and possible future high-
er-mass / G = 0~ mesons that decay mainly into KK,
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Table L. IG (JP of non-strange mesons from qq model. For the distinction between
and abnormal C, see text following Eq. (6). K mesons share the same

abnormal J

values of JF as the I=0 and 4 states sh
middle column, which gathers together (J°)
step intended to mske the table easier to

» but are not eigenstates of G. The
mcp, is a redundant intermediate

Jq State P _cp o
. P
CP. CP Normhl or I(J )Cn Examples and comments
. - + abnormal
oy - o~ '
.5 150 (07) ,- l?_(o_)+ mn'y E?
RN IR N L N
’s, (1)t {°+“_)' o é
\ 1°(1 )~ P
-t
1 + 07(1%)-
P (1N, -
. AN { S B
\ +iat *
S 17(0™)+ s 2
= 4+
H 3 + 0(1 )+ D ?
© P (17) .+
A 1 A {1'(1+)+ At
3 + o2 h+ ¥
P, (29t + .
\\ 1(2)+ A2
', S {(}}K_H,
_____________________ e e
;:. 3D1 (1’% same as 351 pt ?
7 3 (27) .+ 0 (27)- Regge recurrence of
A 2 A 1+(2-)_ thg abnormal-C state
A wHe, = (00).
3 - 0 (3)-
D 3 + SV
3 ¢ )N (3 )~ g
1 + ' A
TN NSV SO AN
; 3 > (2+)N+ same as\3P
B ’F, (3% 4+ 'J>Z
i 3 ahy s
l 4 ( )N etc

\

ABNORMAL G STATES THAT CANNOT COME FROM gg MODEL

r

Abnormal C
states

Have no qq

model

3

07(07)~

All except

J P = normal,
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as3*,2°,3* etc., and also by the symbols P11, D3,
Fy5, which refer to the mp or Kp partial-wave ampli-
tude in which the resonant state occurs (the first sub-
script refers to the isospin state: 2 X J for N and A and
just I for Z, A, and Z). When two or more baryons
have identical quantum numbers we warn the reader
by adding primes to the spectroscopic symbol as ex-
plained in footnote a) of the Baryon Table.

IV. CONVENTIONS AND PARAMETERS FOR
STRONG INTERACTIONS

A. Partial-wave amplitudes and resonance parameters

The vast majority of information concerning bary-
on resonances comes in the form of partial-wave anal-
yses. In addition data concerning meson resonances
(7w, Km, marm) are, with increasing frequency, being
subjected to partial-wave analyses. We thus find it nat-
ural to introduce the resonance parameters which we
compile in terms of a Breit-Wigner approximation for
the partial-wave amplitude.

In general the elastic amplitude for a given angular
momentum / may be written as

_mexp(2i8) — 1
7, 1RO -1 (1

where 7 is referred to as the absorption parameter
(0<n<1)and 8§, as the phase shift. The subscripts
11 on T denote scattering from channel 1 to channel
1 (i.e., 7 = 1w or KN - KN).
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In fig. 1 we show an Argand plot of the elastic par-
tial wave amplitude T'y;. It illustrates geometrically
how the real parameters 17 and § are related to the
real and imaginary parts of T'y;. Many examples of
such Argand plots may be found in the Baryon Data
Card Listings.

Consider the so-called non-relativistic Breit-Wigner
approximation for T q:

Ty, =30 /(M-E-3il) ()

where £ is the c.m. energy of invariant mass, I'; and
T are the elastic and total widths, and M is called the
resonance mass. Eq. (2) is, of course, not the only pos-
sible description of a resonant amplitude; it suffices
to illustrate the properties of partial-wave amplitudes
which we associate with resonance behaviour in the
absence of any background in the same partial wave
(see, ¢.g., the 7N D5 and F5 waves in the Baryon
Data Card Listings). Usually the widths contain bar-
rier-penetration factors which can vary rapidly with
energy. Near threshold, I'y (E) should start up as
g2 1 (also true for the inelastic width Tp). Various
E dependences are then used for I, mostly of the
form

const. + ... +(gR)?! ’
see Jackson (1964), Pi¥at and Roos (1968), and
Barbaro-Galtieri (1968).

The BW-approximation to the amplitude for an in-

elastic process leading from channel 1 to channel §
{(mmr -> KK or KN - Z7, for example), is

ry(E)e

(3

T\ ;=3 TV M-E-4iT) =

4

ey iR T~ E-4iD)); @
where
N

r=2T, x,=Tyr (5)

and x, (called the elasticity) is often written x,. (Note
that in the Data Card Listings we use the symbol P,
rather than x;.) The channel cross-section 014 for the
reaction 1 — @, for spin O-spin 1/2 scattering, is

015 = 4TI HDIT, 2, (6)

whereJ=1 +1.
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The important features of eq. (4) which character-
ize resonant behaviour in the Argand diagram (Im Ty
versus Re T'y ) are

1) Energy variation given by circles with diameter
(x; xﬁ)l/2 and maximum amplitude at £ = M of
T = i(x x )12, (7)

2) A maximum in the speed near resonance, given
approximately by

2(-’?1 XB)I/Z
TE)

for slowly varying I'(E). These features may be re-
lated to the 7, & representation of T, . Thus when
E =M, § is either 90°(x; > 1/2) or 0°(x; < 1/2) and
1 dips to its minimum value.

These simple properties can be used to judge the
presence or absence of resonance behaviour in an
Argand plot. However, it must be kept in mind that
eqs. (2) and (4) are only approximations to the “true”
amplitude. The simple picture given above can be dis-
torted by various effects:

e the presence of “background” in the same partial
wave as the resonance

e two resonances in the same partial wave overlapping
in energy

. (8

“Speed” (res) = (dTlﬁ/dElE=M =
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o the resonant energy M being close to an inelastic
channel threshold, in which case a K-matrix-like para-
metrization is more appropriate.

B. SU( 3) sign conventions for A and ¥ resonances

Consider the partial width I'g of a resonance decay-
ing into the channel 8. We can always define a cou-
pling constant such that

2
[y« Gp.

In this case the inelastic amplitude in the Breit-
Wigner approximation, eq. (4) will go as

Ty, < G, Gy/(M—E~4iD"),

where G is the coupling constant for the elastic chan-
nel. In the context of exact SU(3) symmetry the rela-
tive signs of the product GG for different reso-
nances are often useful as a consistency check on
SU(3) assignment of A and Z resonances. See appen-
dix I for further details.

In the Data Card Listings for A and Z resonances,
we tabluate measured values for (x; x5)1/2 « G, G,
Whenever there is an explicit sign, it will be according
to the convention advocated by Levi Setti (1969) and
used in the table of SU(3) Isoscalar Factors presented
in this review. Thus the signs multiplying the<Breit-
Wigner amplitudes for KN - Z(1385) - Zr, Am and

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES
TRES ~Q (GNRY' . Gyﬂva)/(M‘E‘i r/2)

o {s} Il fel pol
1(1385) A(1670) A(1690} A(820) AU830) I(2030) A(2100}
P13 sor  DO3 FO5 005 FI7 607
- X X X
N WS SIS NN N [N /T\ e NV NI N ~N g N
R I B DA B AR VAV A
DA A A ’ B ) N N A A A A /
N PNV ANIFANE AN ANESANIFANS AN FIAN STANL SN
X X X X X X
S0t 003 013 S D15 Fis
A(1405) A(1520) Z11660) T (1760) £ (1760) £{1915)
LT A, {s} o 8]
{e} 1 l8f o]
Z(1760) (1760} I(915) IL(2030)
S DIS Fis F17
. X X
/’ ™, - - - - =N Ve -~ -~ \\
i o AU
— A —L ) ! / 4 ) J Y !
\ L T
N NP N N
X X X
P13 013
(1385) I(!660)
fio| 18l

Fig. 2. Plot adapted from Levi Setti (1969) showing the sign convention adopted here for the =
and Am amplitudes. Once the signs of one / = 0 and one / = 1 amplitude are fixed, the others can
be measured relative to these two. Arrows here indicate signs predicted by SU(3); X marks indi-
catc the observed phases;  indicates phase chosen according to sign convention described in text.
The £(1915) predictions have been changed from Levi Setti’s original figure.

vii
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KN - A(1405) - Zx are simply the product of the
phases of the appropriate isoscalar factors. This con-
vention is shown in fig. 2 from Levi Setti (1969).

C. Types of partial wave analyses

Partial-wave analyses (PWA) are classified into
three categories in the Data Card Listings: energy-in-
dependent partial-wave analyses (IPWA) energy-de-
pendent partial-wave analyses (DWPA) and model-de-
pendent partial-wave analyses (MPWA) in increasing
order of the number of explicit supplementary hy-
potheses that are used to extract the amplitudes from
experimental data.

In an IPWA data at different energies are analyzed
separately. Usually each partial wave included in the
fit is allowed to vary freely (subject to unitarity con-
straints) over some large region, and waves whose
angular momentum are above some cutoff value are
assumed to be negligible. The sharp cutoff in angu-
lar momentum resolves continuum ambiguities in
the solution (such as the overall phase ambiguity), but
there remains a finite number of indistinguishable
“best”” solutions (i.e., solutions corresponding to iden-
tical physical observables) which have been codified
by Barrelet (1972). In addition, there are generally
some nearby solutions (and their associated Barrelet
ambiguities) which have chi-squared values close to
the minimum one.

At the end of the analysis a choice is made among
these many solutions, usually on the basis of energy
continuity. A popular criterion for making this choice
is the shortest path technique in which the total
“length” of the preferred solution is chosen to be a
minimum. The definition of “length” used here is not
universal but is usually closely related to the total geo-
metrical length of the lines representing the various
partial wave amplitudes in Argand plots (see the Bary-
on section of the Data Card Listings for examples of
Argand plots). Various other criteria which are also
used in some analyses are, e.g., matching with known
solutions at low energies, the presence of known reso-
nances in the final results, and limited inelasticity in
high partial waves.

In a DPWA, data at different energies are fit simul-
taneously by using an energy dependent parametriza-
tion of the partial wave amplitudes. The parametriza-
tion is usually chosen to include both resonances and
non-resonant background of some sort and an attempt

viii
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is made to keep it as “model independent” as possible.
Often the data are grouped into several energy bins
which are fit separately rather than trying to fit the
whole energy range under consideration simultaneous-
ly. One of the main advantages of DPWA over IPWA
is that sparse data spread over many different energies
can be analyzed, e.g., nearly all S = —1 analyses are
DPWA. In addition, the built-in energy continuity
helps to resolve the ambiguities that plague IPWA and
eases the problems associated with resonance parame-
ter extraction. The price one pays for these advantages
lies in the dangert of systematic error in the amplitudes
and poor fits to the data if the parametrization is
poorly chosen or insufficiently flexible.

An MPWA also uses an energy dependent paramet-
rization, but one based on explicit model dependent
theoretical assumptions such as Regge exchanges. This
technique is usually applied to reactions where the

data are incomplete. There is, of course, no sharp
distinction between DPWA and MPWA, and a well
chosen MPWA parametrization may actually be less
biased than a model independent but poorly chosen
DPWA parametrization.

D. Production of resonances

Hereby, we mean the observation of statistically
significant peaks in invariant mass plots or, loosely,
in integrated cross-sections. Many meson resonances
are of this type. We expect most of these peaks to be
associated with Breit-Wigner behaviour in appropriate
Argand plots; thus the p meson peak in #7 mass plots
is firmly related to the I = 1,/ =1 ww phase shift pass-
ing through 90°.

From mass plots we can determine M, I' and the
approximate branching ratios

Xa/Xﬂ = I‘a/I‘ﬂ. )]
In the case of total cross sections, the peak above

background gives us, using the optical theorem, the
product (J +$)x,,

oY E=M) = 4mx2 (J +d)x,. (10)
V. CRITERIA FOR RESONANCES
An experimentalist who sees indications of a reso-

nance in some energy (or mass) region will of course
want to know what has been seen in that region in the
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past; hence, we strive to have the Data Card Listings
serve as an archive for all substantial claims or evi-
dences for resonances.

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative and to include
only those peaks or resonances which we feel have a
large chance of survival. An arrow (=) at the left of
the Tables of Particle Properties indicates that a ques-
tionable candidate has been omitted from the Table,
but that it can be found in the corresponding part of
the Data Card Listings. One’s betting odds fur survival
are of course subjective; therefore no precise criteria
can be defined. In what follows we shall attempt to
specify some guide lines.

a) When energy-independent partial-wave analyses
are available (mostly for N*’s), approximate Breit-
Wigner behaviour of the amplitude appears to us to
be the most satisfactory test for a resonance. We can
check that the Argand plot follows roughly a left-
hand circle, and that the “speed” of the amplitude al-
so shows a maximum near the resonance energy; fur-
ther, there should be data well above the resonance,
showing that the speed again decreases. Indeed proper
behaviour of the partial-wave amplitude could accredit
a resonance even if its elasticity is too small to make a
noticeable peak in the cross-section.

Of course even if Argand plots are available, it may
still be a matter of opinion as to what behaviour con-
stitutes a resonance. Such an example is the Z;(1780)
state seen in KN total cross-section experiments and
in partial-wave analysis. The recent partial-wave analy-
sis of Giacomelli (1973) finds a preferred class of solu-
tions which exhibit a resonance-like loop in the Py; wave
near 1740 MeV (see fig. 6 of the § =+1 mini-review in
the Baryon Data Card Listings). However, Giacomelli
points out that, despite the resonant-like appearance
of the loop, the evidence for resonant energy de-
pendence is inconclusive. Thus we omit the Z;(1780)
from the Baryon Table. A similar quandary has existed
for some time concerning the Z;(1900), and it too
has been omitted from the Tables. In this case, howev-
er, the current evidence now seems to conclusively
rule out the previously suspected resonant effect in
the Py 5 partial wave.

b) When there are insufficient data to perform en-
ergy-independent analyses, one often resorts to ener-
gy-dependent partial-wave analyses (mostly for Y*’s).
In this case Breit-Wigner behaviour is an input. We
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therefore require that resonance solutions be found
by several different analyses, preferably in different
channels (KN - KN, 7Z, etc.), before putting the
claim in the table.

c) Partial-wave analyses of three-body final states
(7N - 7aN) are becoming available. While these anal-
yses are based on the isobar model (7N = pN, 74,
etc.) and are subject to theoretical objections of vary-
ing importance (triangle graphs, double counting, uni-
tarity), they provide increasingly reliable information
on inelastic decay modes of otherwise established res-
onances.

d) Most mesons, Z* peaks, and high mass N* and
Y* peaks fall into a category for which no partial
wave analyses exist. In general we accept such peaks
if they are experimentally reliable, of high statistical
significance or if they are observed in several different
production processes.

e) A special category of “diffractive mesons” con-
sists of statistically significant peaks like A1, AjorQ,
which are not far above the pm, fr or K*m thresholds.
Because the behaviour near threshold in these chan-
nels may be described by the Deck effect (double
Regge exchange), the resonance interpretation is
questionable. Several years ago we put these peaks in-
to the Meson Table, but warned the reader not to in-
clude that we claim they are necessarily genuine reso-
nances.

Partial-wave analyses of multimeson systems in re-
actions like 7N — (wmrm) are becoming available (Ascoli,
1973). There are several important aspects to such
analyses:

i) for a given ¢, the mmm vertex is assumed to be in-
dependent of the NN vertex;

ii) the mmw decay is assumed to proceed through
quasi-two-body states (o7, em, etc.) in the spirit of the
isobar model;

iii) in order to keep the number of parameters
manageable, certain more or less plausible assumptions
are made.

Through such an analysis, the A, peak has been
confirmed to be a resonance with an observed Breit-
Wigner-like phase change relative to other partial
waves. In contrast, peaks like A; and A3 show an en-
hancement in a “pure J¥”” mass plot but reveal no rel-
ative 90° phase change. While this observation suggests
that the A; and A3 bumps to a larger part are due to
non-resonant effects, mechanisms can still be invented
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that reproduce the A; “partial-wave” associating the
Ay with a pole on an unphysical sheet.

We now ask “‘How likely is it that the peaks of
class (d) and (e) above (not checked by partial-wave
analysis) will eventually be confirmed as Breit-Wigner
resonances?” Most experimentally convincing peaks
have been shown to be associated with resonances.
But be warned of the sometimes drastic effects of
thresholds (see, e.g., Solzhenitsyn, 1973); also, broad
peaks may contain several resonances, or they may in-
clude a resonance narrower than the peak, plus some
other complications; for example:

Before 1966 we might have tabulated the mp
bumps at 1520 and 1688 MeV as single resonances,
whereas partial-wave analysis shows that each contains
several resonances.

Before the N'(1470, P{,) was confirmed in partial-
wave analyses, it was seen as a missing-mass or pr7
peak produced peripherally in high-energy pp colli-
sions, and (like Ay, Q and A4) was partly explained
by the Deck effect and later by double-Regge-pole
exchange.

Thus, we enter into the Tables of Particle Proper-
ties experimentally convincing peaks unless there is
contradictory information; and we can expect that
most of these peaks will eventually be confirmed as
one or more resonances. But we can easily give exam-
ples of experimentally convincing peaks which in all
likelihood have nothing to do with resonances: such
are the K*p and pp total cross-section bumps near
1.2 and 3 GeV/c, tespectively, and the low-energy
ABC and DEF effects in the S-wave mm system.

VI. CONVENTIONS AND PARAMETERS FOR
WEAK AND ELECTROMAGNETIC DECAYS

A. Muon-decay parameters

The p-decay parameters describe the momentum
spectrum (p and n), the asymmetry (£ and 8), and the
helicity (k) of the electron in the process u* ~>

e* +y+v. Assuming a local and lepton-conserving inter-

action, the matrix element may be written as

lZ)<é|I‘ilu><17|l“i(Ci+C;75)Iv>,

where the summation is taken overi=S, V, T, A4, P.
Using the definitions and sign conventions of Kinosh-

X
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ita and Sirlin (1957), we have for the momentum pa-
rameters:

p = [3g4+3g5+685] D,
1= g5 g3+ 285~ 2651/D,
for the asymmetry parameters:
_ 6gs &p €OS bgp — 8g4 &y cOs bav t 14g:2r Cos ¢pp
D )
6 = [-6g, &y cos ¢Av+6g%. cos ¢pp] IDE,

and for the parameter describing the helicity of the
electron:

N 28 8p c0s Bgp— 8,8y, COS By~ 687 COS by
- a _

Here

D=gl+ghtagl +egiragl,
g2 =1Ci2+IC)1,

and

cos ¢;; = Re (C} C].'+Cl.' CcH).

The quantities g; are defined to be real non-negative
numbers, and the ¢;; are phase angles between the
i-type and j-type interactions. Under the assumption
of two-component neutrinos, C; = —C; and Cj' =—G,
the S, P, and T terms vanish, and ¢,y is the phase an-
gle between C, and Cy; in the complex plane.

By using the above equations and the experimental
determinations of p, n, £, §, and A, limits can be placed
on gg/gv.&x/8v . 81/8v - &p/8y» and ¢y . The results,
given in the Data Card Listings assume neither two-
component neutrinos nor time-reversal invariance. If,
however, two-component neutrinos are assumed, then
sin ¢, v is the amplitude of time-reversal violation.
Note that most experiments study only the upper end
of the spectrum where p and 7 are highly correlated,
so they can only report p forn=0and n for p =3.
The values for p and 1 we use here were obtained by
combining measurements of both upper and lower
ends of the spectrum and turn out to be nearly uncor-
related.

Note also that the radiative corrections are unam-
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and ¢ for each decay since they are the most closely
related to the experiments and are essentially uncorre-
lated. Whenever necessary we have changed the signs
of the reported values, so as to agree with our conven-
tions. In the Stable Particle Table we give a, ¢, and A
with errors; and for convenience we also give the cen-
tral value of vy, without an error.

VII. STATISTICAL PROCEDURES

This section is a much abbreviated version of sec-
tion [X in the text of our January 1970 edition (Parti-
cle Data Group, 1970) to which the reader is referred
for details. See also the mini-review on K* masses and
mass differences in the K*(892) section of the Meson
Data Card Listings.

A. Confidence levels and errors

Quoted errors represent one standard deviation (0).
Upper and lower limits represent 68.3% confidence
bounds (10), unless otherwise stated. The errors in the
Tables of Particle Properties and the errors of the av-
erages in the Data Card Listings often include a scale
factor S; see section VIL.B. below.

Quantities that have changed more than 1o since
our April 1973 edition (Particle Data Group, 1973)
are italicized in the Tables of Particle Properties. For
a discussion see section V.B. in the text of the 1970
edition (Particle Data Group, 1970).

B. Unconstrained averaging, scale factors
In the absence of constraints, we calculate a
weighted average

Xx8% = Lowx, 2ow,+(Dow )12
(1

where the sums run over NV experiments. We also calcu-
late x2 and compare it with its expectation value of
N—-1.1fx2 >N -1, we increase the error 8X in eq.
(1) by a factor

S=[EIw-1)"172.

[t is easy to design statistical tests for determining
whether one experiment (or a group of experiments)
is consistent with the other experiments. However,
statistics does not tell us who is wrong in case of con-
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tradictions. When S > 1, one can conclude either that:
1) some (or all) experiments are wrong, or

2) some (or all) experiments have underestimated
their errors, or

3) the experiments do not measure the same quantity
(systematic errors).

We do our best to resolve these cases. If we cannot,
we assume that all experimentalists underestimated
their errors by the same scale factor. If we scale up all
input errors by this factor, x2 returns toN — 1, and of
course the output error scales up by the same factor.

If all the experiments have errors of about the same
size, the above procedure is straightforward. If, how-
ever, there are both precise and imprecise (large er-
rors) measurements of a particular quantity, one must
be very careful not to permit the imprecise ones to
“dilute” the scale factor. See our January 1970 edi-
tion (Particle Data Group, 1970) for the prescription
we use to handle this effect.

We often plot an ideogram to guide the reader in
deciding which data he might reject before making
his own selected average.

For further discussion of ideograms and scale fac-
tors, we refer the reader to section IX of our January
1970 edition (Particle Data Group, 1970).

C. Constrained fits

The information on partial-decay fractions P; * and
partial widths I; = P; T, is frequently given by
branching ratios R;, say, R} = P, [(P1tPy),Ry =
P2/P3,R3 =P1/P2,R4 =P3/(P1+P2+P3), etc.

The number of experimental inputs R; is often
greater than the number of decay modes. In these
cases we fit all available iriformation on the 7, T';,
and Rj subject to the constraint ZP; = 1. When, in ad-
dition, the input R; are contradictory so that scale
factors may have to be introduced, one has to resort
to iterative procedures.

The Data Card Listings give the values of the fitted
R;, P;, and I';, together with the error matrices of the
P; and of the I';. For details about this procedure, the
reader is referred to the text of the January 1970 edi-
tion (Particle Data Group, 1970), section IV.B.

¥ We use the symbol P; for partial-decay fractions throughout
the Data Card Listings for stable particles, mesons, and bar-
yons, although for baryons, X; is the commonly accepted
symbol. See eq. (IV.5).
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deciding which data he might reject before making
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C. Constrained fits
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The number of experimental inputs R; is often
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cases we fit all available iriformation on the 7, T';,
and Rj subject to the constraint ZP; = 1. When, in ad-
dition, the input R; are contradictory so that scale
factors may have to be introduced, one has to resort
to iterative procedures.

The Data Card Listings give the values of the fitted
R;, P;, and I';, together with the error matrices of the
P; and of the I';. For details about this procedure, the
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